Shrubby field margins and hedgerows play an important role for many species of flora and fauna in agro-ecosystems, including those which are rare or endangered. A characteristic species of these semi-natural habitats in agricultural landscape is the Eastern eggar, Eriogaster catax (Linnaeus, 1758): a moth species threatened in many European countries. In this study we investigated the oviposition preferences of E. catax at host plant level in agricultural landscape in south-western Poland, near of the northern limit of the species distribution in Europe. In total we surveyed 796 host plants. Altogether we found 439 eggs batches or caterpillar webs of E. catax on 373 occupied plants. Most of them (92.3%) were on blackthorn Prunus spinosa, which was preferred host plant next to pear Pyrus spp. However, the most important predictor of the presence of egg batches were microclimatic conditions. We recorded that females preferred host plants exposed to direct sunlight and with south and west-facing slopes for oviposition and avoided those inside of the dense shrub canopy. Eggs were laid more often on the trunk and on the upper half of the host plant, however there was a significant difference in vertical and horizontal position of egg batches in relation to the position of the plant. Inside of the shrub canopy, eggs were laid in higher parts of host plant and closer to the trunk, than at the edge and on solitary plants. Based on our observations the management strategies for the habitats of the species are proposed and discussed.
Introduction
About a half of total land surface of Europe is occupied by agricultural land, thus agriculture has a great importance for biodiversity conservation (Henle et al. 2008; Halada et al. 2011) . However, farmland habitats have shown the largest decrease in species population index between 1970 and 2000 at pan-European scale (de Heer et al. 2005) . One of the main causes of the decline of farmland biodiversity, worldwide, is agricultural intensification (Matson et al. 1997; Tscharntke et al. 2005 ), leading to a loss of ecological heterogeneity at multiple spatial and temporal scales (Benton et al. 2003) . However, the drivers of population changes of many farmland species could differ across Europe (Reif et al. 2008; Tryjanowski et al. 2011) . In Poland, where about 61% of total area is covered by farmland, nearly half of the more than 2.5 million farms are still smaller than 2 ha, and the rural landscape is relatively rich in a dense network of semi-natural field margins (Wuczyński et al. 2011) . However, in the last few years, these agricultural structures and related habitats have been severely threatened in Poland and other countries of Central and Eastern Europe, by abandonment, afforestation or agricultural intensification (Stoate et al. 2009 ). One of these types of semi-natural habitats are shrubby margins and hedgerows bordering with pastures, meadows or cultivated fields. These structures are recognized as especially important elements for both flora and fauna in agro-ecosystems, providing a habitat, refuge or serving as corridors for many species, including those which are rare and endangered (Forman and Baudry 1984; Dover and Sparks 2000; Zechmeister et al. 2002; Wehling and Diekmann 2009; Wuczyński et al. 2011 Wuczyński et al. , 2014 .
One of the species associated to agricultural landscapes with semi-natural shrubby vegetation and hedgerows is Eriogaster catax (Linnaeus, 1758) (Lepidoptera: Lasiocampidae). It is a threatened moth listed in the EU Habitats Directive (Council of the European Communities 1992) as a Species of Community Interest, whose conservation requires the designation of Special Areas of Conservation and which needs strict protection. The last assessment of this species for the period 2007-2012 revealed unfavourable conservation status in the majority of EU Member States (EIONET 2014) . In Poland, the number of known locations of E. catax has increased significantly since 2007; however, this improved knowledge is related to a growing interest in this species rather than a true recovery of its populations across Poland (Oleksa 2012) . Despite the prevalence of its potential habitats such as blackthorn scrub throughout the country, the species occurs only locally, as in many other countries. It seems that the reasons for this should be an increase of ecological assessments of the species. However we still lack sufficient knowledge about what environmental factors determine the occurrence of the species and limit its abundance.
Despite a quite wide distribution of the species across Europe and Asia, its protected status and unfavourable or unknown prospects for long term survival in many European countries, so far relatively little attention has been paid to its life history and ecology. Most of the current knowledge about the biology and habitat preferences of this species is based on a few published papers (Bolz 1998; Ruf et al. 2003; Dolek et al. 2008) , as well as on unpublished studies (Höttinger 2005; Valchářová 2012 ). Many of the published papers are devoted mainly to the geographical distribution of E. catax, with only some general remarks on its ecology (Oleksa 2002; García-Pérez et al. 2009; Baillet 2013; Chrzanowski et al. 2013; Kuźmiński et al. 2014; Bury 2015) .
The development of effective conservation strategies and management of E. catax across its geographical range, should be based on a detailed knowledge about the species habitat requirements at local scales (Anthes et al. 2008; Čelik et al. 2015) . Understanding of a species' oviposition preferences may be of crucial importance, because oviposition itself represents the spatial inference between all successive life stages and the environment (Čelik 2013) . Oviposition site choice is a life-history trait of critical importance, because a female's decision can have serious consequences for her own reproductive fitness, by affecting the embryo survival, juvenile performance and offspring phenotype (Refsnider and Janzen 2010) . Importantly, a species' habitat requirements may differ within its distribution range. Sometimes, the host plant preference may vary at a small, even a few kilometres scale (Kuussaari et al. 2000) . The immature stages are often more susceptible to negative or inappropriate management than adults, because of their lower mobility (Merckx and Berwaerts 2010) , and thus the knowledge about local oviposition preferences of the species may be essential for effective conservation management.
The main objective of this study was to determine the oviposition site selection by E. catax at the host plant level and to consider implications of results for the conservation of the species. Our study is the first on this species using an information-theoretic approach (sensu Burnham and Anderson 2002) to assess the relative importance of the host plant parameters for ovipositing female's decision. The study sites were located in agricultural landscape near of the northern limit of the species distribution in Europe and so we assume that our results may not reflect the situation in other regions within the species' range. Therefore, we also compared our findings with other studies (published and unpublished), conducted often in another type of habitat, to assess variation in oviposition preferences across the species' range.
Materials and methods

Study species
The Eastern eggar, E. catax (Linnaeus, 1758) (Lepidoptera: Lasiocampidae), is distributed from Northern Spain through Central and Southern Europe to Russia and Western Asia (Oleksa 2012) . Generally, it is restricted mainly to warmer parts of the West Palaearctic, and its distribution is mostly island-like (disjunctive). Moreover, the species shows regressive tendency in many European countries. The species is classified as strictly protected in many European countries, including Poland. It is classified by the IUCN under DD category (Deficient Data) (World Conservation Monitoring Centre 1996) , while in the Polish Red Book of Animals it has a status of VU (Vulnerable) (Oleksa 2004) .
Eriogaster catax is a thermophilic species found in warm and relatively humid habitats such as sparsely-wooded, open forests, and woodland edges, as well as hedges and other shrubby sites along the roadsides and field margins, on the hills, steep slopes, and banks of gullies or even on railway embankments. Adults fly in the autumn (September-October), with females laying their full egg complement in one clutch on the trunk or branches of the host plant covered by a layer of gray black hairs from the female's abdomen. The eggs overwinter with the young caterpillars hatching in midApril. They live in webs which are built directly on the host plant. They feed on a variety of deciduous trees and shrubs including blackthorn Prunus spinosa, hawthorn Crataegus spp., pear Pyrus spp., oak Quercus spp., birch Betula spp., poplar Populus spp., elm Ulmus spp. and roses Rosa spp. In Spain they also feed on the herbaceous perennial plant Dorycnium pentaphyllum. It is important to note, however, that the diet of young larval (instars L1-L3) is restricted mainly to Prunus spp. and Crataegus spp., whilst older caterpillars have a wider spectrum of food plants (i.e. they are polyphagous) and can feed on the above mentioned species of trees. The caterpillars stop feeding by the end of May. Pupation take place in a cocoon, which is most often situated on the ground in leaf litter at the base of host plants, or in their surrounding area (Freina 1996; Bolz 1998; Ruf et al. 2003; García-Pérez et al. 2009; Oleksa 2012; Bury 2015) .
Field surveys
Field surveys were carried out in 2015 and 2016 at 11 sites in Odra River Valley, south-western Poland (Fig. 1) , with annual precipitation of ca. 600 mm and an average annual temperature of 8.5 °C (Głowicki et al. 2005) . It is one of the most important refuges of E. catax in Poland (Oleksa 2012; Chrzanowski et al. 2013) . Hedgerows or patches with scattered potential host plants separated by less than 100 m were treated as one site. The minimum distance between the study sites was 150 m, maximum-32 km. Basic characteristics of each study site are listed in Table 1 .
Each site was searched for egg batches twice a year, first from early February to the end of March, and again between 20th and 30th April. The second survey coincided with time of appearance of the larval web to facilitate the location of previously undetected egg batches. We counted the number of egg batches on each host plant. A single plant was defined as a trunk with its branches. To avoid duplicate counting, all batches of eggs were marked with a ribbon.
For each plant, both occupied as well as randomly selected unoccupied, we recorded/measured the following variables: (1) plant species, (2) height of the plant (in cm), (3) trunk diameter at 20 cm above the ground, (4) plant position (three categories: 'edge', 'interior' and 'solitary' for host plants growing, respectively, at the border, inside, and outside of dense shrub canopies), (5) sun exposure (two categories: 'full sun', 'shady') and (6) aspect (eight categories: N, NE, E, SE, S, SW, W, NW). For modelling purposes, aspect was converted into a continuous variable as 'northness' -cos((aspect*pi)/180), and 'eastness' -sin((aspect*pi)/180) representing, a north-south and east-west exposure gradient, respectively (Guisan et al. 1999) , whose values varied from − 1 (south and west) to 1 (north and east).
For egg-bearing plants we also determined the oviposition height above the ground (in cm) and the distance of the egg batches from the trunk (measured as straight line from batches to trunk, in cm).
Statistical analysis
All statistical analyses were performed in R statistical software version 3.3.0 (R Core Team 2016). Oviposition preferences of E. catax were examined using a generalized linear mixed model (GLMM) with logit-link function and binomial error variance with the package lme4 (Bates et al. 2015) . The binary dependent variable was coded as 1 (plant with egg batches) and 0 (plant without egg batches). The site was treated as a random factor. Before inclusion in the model, collinearity among fixed variables was tested using Spearman rank correlation matrix (r S ) and variance inflation factors (VIF) (Zuur et al. 2010; Dormann et al. 2013) . As an acceptable level of collinearity we assumed r S < |0.7| and VIFs < 4. The variance inflation factor was calculated using the 'vif.mer' function (downloaded from https://github.com/ Fig. 1 Location of the study sites in the Odra River Valley, SW Poland. Labels of the study sites correspond to those given in Table 1 aufrank/R-hacks/blob/master/mer-utils.R, May 2016) in R. Because of the high correlation between the height of plant and trunk diameter (Spearman rank correlation r S = 0.752, P < 0.001) we used in modelling only the first variable. For the final model we included six fixed variables: plant position, sun exposure, plant species, plant height, northness and eastness with all VIFs between 1.08 and 3.64.
As the predictors used in regression model were on different scales, all continuous variables were standardized using Gelman's approach (Gelman 2008) , using the 'standardize' function within the arm package (Gelman and Su 2015) . It allowed a direct comparison of beta estimates-larger values of betas indicate stronger relationships between explanatory and dependent variables. The categorical and binary predictors were left unchanged.
To identify the most parsimonious models explaining variation in egg deposition pattern we performed a model selection procedure based on information theory approach and the corrected Akaike information criterion (AICc) (Burnham and Anderson 2002) . All potential models containing random factor and any subset of explanatory factors were fitted to the data and were ranked according to ΔAICc (the difference between the AIC of the best model and the compared model). Models with ΔAICc ≤ 2 were considered as equally good (Burnham and Anderson 2002) . Thereafter, Akaike weights (w i ) were calculated for each model. To derive parameter estimates (ß) we used model averaging over 95% confidence set based on cumulative Akaike weights (Burnham and Anderson 2002) . We used the so-called natural average method, where parameters are averaged only across models they occur in (Burnham and Anderson 2002) . Only beta coefficients where the 95% confidence intervals (95% CIs) that did not overlap with zero were considered as significant (Grueber et al. 2011) . All model comparisons and model averaging were performed in the MuMIn package (Bartoń 2016).
To investigate how much variation was explained by final models, we calculated both the marginal and conditional R 2 GLMM (Nakagawa and Schielzeth 2013; Johnson 2014), using 'r.squaredGLMM' function in the MuMIn package (Bartoń 2016). The marginal R 2 (R 2 m) value shows the proportion of the variance explained only by the fixed effects, while the conditional R 2 (R 2 c) value shows the proportion of the variance in the raw data explained by entire model, including both fixed and random effects.
To quantify the relative variable importance of each explanatory variable we used the sum of Akaike weights (SW) for all models (Burnham and Anderson 2002; Giam and Olden 2016, but see; Galipaud et al. 2014; Cade 2015) . In addition, we used hierarchical partitioning to calculate an estimate of the independent effect of each explanatory factor present in the best models on response variables (Chevan and Sutherland 1991) . Subsequently, we determined the statistical significance of the independent effect of each variable using a randomization test (n = 100) based on an upper confidence limit of 0.95 (a pseudo z-scores > 1.65). We performed the hierarchical partitioning analyses using the 'hier. part' and 'rand.hp' functions in the hier.part package (Walsh and Mac Nally 2013) . Differences in vertical and horizontal position of egg batches in relation to the position of the host plant were analyzed using a Kruskal-Wallis test with Mann-Whitney tests for post-hoc paired comparisons. A polar plot was performed with package plotrix (Lemon 2006) .
Results
In total we counted 796 potential host plants in eleven sites. (Fig. 2) . We found more than one batch per plant on P. spinosa (range: 1-6 batches/plant), Rosa spp. (range: 2-3 batches/plant) and Pyrus spp. (range: 1-3 batches/plant). The length of egg batches varied from 3.5 to 46 mm (median = 28.6 mm, 1st and 3nd quartile: 23.5 mm and 33.3 mm, N = 276). Females of E. catax mostly laid their eggs on live branches or trunks. We found only 12 batches of eggs (2.7%) on dead branches or completely dead plants (seven on P. spinosa and five on Rosa spp.) Rose shrubs were not recorded as host plants for caterpillars in the study area, as the larvae moved to nearby branches of P. spinosa after hatching.
The model selection based on Akaike's criterion showed that two models explaining presence of eggs were equally good (Table 2) . Explanatory variables present in these models included all used predictors, despite a significant relationship was only between the presence of the eggs of E. catax and the northness, eastness, sun exposure, plant species and plant position ( Table 3 ). The summed Akaike weights (RVI) for all candidate models suggest that these variables are also the most important predictors of oviposition site selection. Probability of egg laying by females decreased with north-and east-facing exposure of the host plant (Table 3 ). In our study sites, most of the occupied plants were oriented toward to south (27%), south-east (25%) or south-west (22%) (Fig. 3) . Moreover, shaded plants and those located inside of the dense shrub canopy were avoided by ovipositing females. The probability of laying eggs on P. spinosa and Pyrus spp. was also higher than on the Crataegus spp. or Rosa spp. (Table 3 ). Because the confidence interval for estimate of the plant height includes Hierarchical partitioning analysis revealed that sun exposure explained most of the variance in egg batches presence, followed by northness, position and plant species. The remaining variables showed independent contributions less than 5% (Fig. 4) .
The vertical position of the egg batches ranged from 27 to 248 cm above ground (median = 97 cm, 1st quartile = 75.5 cm, 2nd quartile = 127 cm, N = 436) and it was moderately correlated with height of host plant (Spearman rank correlation coefficient: r S = 0.63, P < 0.01). Usually eggs were laid on the upper half of the host plant (median = 62.3% of plant height, 1st and 3rd quartiles: 49.1 and 73.0%, range: 19.8-97.4%, N = 436) and there was a weak but significant correlation between oviposition height as a proportion of the host plant height and the height of egg-bearing plants (Spearman rank correlation; r S = − 0.19, P < 0.001).
Among the 434 egg batches, more than half (N = 244, 56.2%) were laid on the trunk. Others were located on the branches at a distance of 0.1-230 cm from the trunk (median = 27.5 cm, 1st and 3rd quartiles: 11 and 49.5 cm, N = 188).
There was a significant difference in vertical (as height above ground) and horizontal (as distance from trunk) position of egg batches in relation to the position of the host plant (solitary vs. edge vs. interior) (Kruskal-Wallis Test, H 2,436 = 16.81, P < 0.001 and H 2,433 = 13.30, P = 0.001, respectively). Post hoc analysis revealed that inside of the shrub canopy females of E. catax laid their eggs in higher parts of host plant and closer to the trunk, than at the edge and on solitary plants (Fig. 5) .
Discussion
Oviposition preferences
Our results indicate that females of E. catax select oviposition sites with a warm micro-climate, which confirm previous claims about thermophilic requirements of this species (Freina 1996; Höttinger 2005; Dolek et al. 2008; Oleksa 2012) . This preference for warm micro-climate is revealed through the choice of plants exposed to direct sunlight and with a southern exposure. A similar preference for places with southern exposure also showed other researchers (Ruf et al. 2003; Höttinger 2005; Valchářová 2012 ). We also found some oviposition preference in a western facing-slope but its independent effect was apparently lower. In contrast to our results, studies conducted in the Czech Republic have shown the avoidance of south-western exposure by the species (Valchářová 2012) . The same studies also indicate inter-site differences in the insolation of occupied plants. In Bavaria (Germany) about 20% of the 114 larval webs had a western exposure and only 10% of them were recorded in southwest facing slopes (Dolek et al. 2008) . Valchářová (2012) argues that the species prefers sunny and warm habitats, but avoids the extremely warm and dry microhabitats. It seems that the preference for south-west facing and wellinsolated sites may vary regionally in response to local climatic conditions. We can expect that at the northern limit of range of the species, including Poland, it should prefer sites with the warmest conditions at microhabitat level (Fartmann and Timmermann 2006; Löffler et al. 2013 ). The species' preference for solitary plants or these located in peripheral parts of hedgerows found by us may also indicate importance of warm microclimatic conditions for ovipositing females. Loosely distributed and external plants receive more sunlight than these inside condensed stands. On the other hand, the preference of external plants can also be explained by their better accessibility for egg-laying females. Accessibility also may be a reason for preference of the species for egg laying in outer surface of hedges and the differences in vertical position of egg batches in relation to the position of host plant. Inside of the dense shrub canopy, access to host plants is easier on the top, which can explain Fig. 4 Independent contributions (as a percentage of the total explained variance) of different parameters of host plant for the occurrence of the egg-batches, calculated using the hierarchical partitioning. All variables had a statistically significant (P < 0.05) impact on probability of egg batches presence and mean (diamonds); MannWhitney U test for significance: *P < 0.05, ***P < 0.001, n.s. not significant the higher location of laid eggs. Additionally, the higher egg deposition inside of the shrub canopy may be determined by thermal conditions related to better light penetration of upper parts of canopy. Differences in accessibility of host plants may also have an affect on horizontal position of egg batches. According to Ruf et al. (2003) , the larval webs in E. catax is situated much deeper inside the shrub than in related species, as Eriogaster lanestris (L., 1758) or Malacosoma neustria (L., 1758), however it does not affect thermoregulation because blackthorns are still bare during the early development of the caterpillars and solar radiation easily reaches the larvae (Ruf et al. 2003) . In our study egg batches were mainly located in the deeper parts of host plant, on the trunk or near to it. However, we found that on the edge of the shrub canopy and on loosely distributed host plants the more external parts of branches were used more often. This can be explained by their easier accessibility for ovipositing females, than in the case of shrubs positioned deeper in the canopy.
According to our results, plant species is also an important predictor for the occurrence of egg-batches. Blackthorn P. spinosa and pear tree Pyrus spp., were preferred as the host plant species for oviposition. Blackthorn is also considered the main host plant of this species in Poland (Oleksa 2012) . However, analysis of other studies indicates that the preference for a host plant may vary regionally/locally. In Bavaria, Germany, for example, blackthorn were clearly preferred (Bolz 1998; Dolek et al. 2008) , while in contrast to our results, in some countries, at least locally, females tend to choose hawthorn Crataegus spp. for oviposition (Höt-tinger 2005; García-Pérez et al. 2009; Valchářová 2012) .
According to Dolek et al. (2008) , differences in choice of plant species for oviposition may be an adaptation to different microclimatic conditions. In southern Europe, which is warmer, the species chose higher oviposition sites and thus hawthorn, with its greater height, is favoured over blackthorn. However, in the present study, the preferred egglaying plants were blackthorn and pear tree which, despite their varying abundance, were the most numerous species.
Only blackthorn was present in all sites and always it was the dominant species. It appears that the preference for a particular plant species can be conditioned by local availability of potential host plants. However our results indicate that microclimatic conditions are the most important ones.
Conservation management
Preserving suitable habitats, such as shrubs or hedgerows, is of primary importance for the conservation of E. catax. They are strongly affected by both agricultural intensification at various spatial scales (from increased application of agrichemicals or pesticides on local fields to loss of semi-natural and marginal habitats and decreased habitat heterogeneity at landscape level) (Benton et al. 2003; Geiger et al. 2010) as well as other human-related activities, e.g. road and railway verges management (Bernes et al. 2016) . Agricultural intensification is considered to be a major driver of the decline of moths in Great Britain (Fox 2013) . These type of habitats are also highly threatened in Poland, due to new legal regulations governing the removal of trees and shrubs. At the time of writing this paper, there is not required to have a special permission on cutting the shrubs or hedgerows growing on private land in cluster of up to 25 m 2 . This legal status is highly unfavourable for E. catax, since it might cause destruction of suitable oviposition sites, including (according to our findings) preferredloosely growing host plants.
An important element of the species conservation is also appropriate management of host plant resources. Preferences of ovipositing females for peripheral parts of hedgerows makes the annual mechanic trimming of such structures (e.g. roadside shrubs) a very serious threat to E. catax. In the case of another species laying eggs on outer surface of hedgerows, the Brown hairstreak Thecla betulae, it considerably increases mortality in the population by removing even more than 90% of the eggs laid (Merckx and Berwaerts 2010) . We do not have such data for E. catax, however, taking into account the similarity of ecological requirements of both species, we can expect that this type of activity may also result in a high mortality rate. It can make that preferred habitats will become an 'ecological trap' for the species. Modelling the impact of differing hedgerow-cutting regimes, showed that a scenario of annual cutting of all hedgerows and woodland edges would cause a population of T. betulae to go extinct in only 3 years (Merckx and Berwaerts 2010) . In Poland, in opposite to the UK there is no special guideline like Entry Level Stewardship (ELS) Agri-Environment Schemes (AES) that describes the options hedgerows cutting regime. In England, the majority of hedgerows managed under AES are cutting once every 2 years in autumn, and in Scotland even once in 3 years (Fuentes-Montemayor et al. 2011; Staley et al. 2012 ). According to Staley et al. (2016) late winter cutting would be generally beneficial for hedgerow Lepidoptera, although some species, as abovementioned T. betulae, may be disadvantaged by this. This solution can't be applied for E. catax since females start to lay eggs in late September, and then eggs overwinter on shrubs until April (Bolz 1998; Oleksa 2012) . For this reason late summer trimming would be better for this species. This kind of practice would allow for protection of the eggs before to be cut off or destroyed during flailing in the winter time. Surely, decreasing the intensity of hedgerow trimming is preferable in case of oviposition habitats of E. catax. For shrub-feeding butterflies, such as T. betulae and Satyrium spini, a rotational trimming of a quarter of the shrubs every fourth year was also recommended (Fartmann and Timmermann 2006; Löffler et al. 2013; Helbing et al. 2015) . It seems that this solution may also be appropriate to reduce the heavy egg losses in case of E. catax.
Cutting down shrubs is one of the major threats for E. catax, as it is directly linked with habitat destruction. This issue should be also considered in the management of the species' habitat and its local population. Thus, before cutting potential food plants to ground level ,professional inspections should be carried out to exclude presence of eggs or caterpillars. This recommendation should be implemented from late September to the end of May, when clutches of eggs or caterpillars can be present on the shrubs.
The results of our research may also be important in the planning of translocation programs to preserve populations threatened by habitat destruction (e.g. Kuźmiński et al. 2014) , indicating which environmental factors should be taken into account when choosing a relocation destination as well as which parts of the host plant should be particularly taken into account when searching for the species. It should be noted that we are not fully convinced of the effectiveness of the caterpillars translocation (Kuźmiński et al. 2014) , especially in dense shrub canopy. Of course, we agree with better sighting of caterpillars and their webs than eggs, but from our point of view, it is unlikely that all caterpillars would be collected, especially, when they are instars L3-L4 when they are spread around all over the bush. In this situation they can be overlooked, damaged or simply lost. Moreover, collecting feeding caterpillars is difficult because of their specific behavior-we have observed on numerous occasion that caterpillars have fallen down under the bush when they were in danger. In particular, it may be difficult to collect caterpillars from deeper parts of hedgerows where, as our results show, the larval webs may be placed in higher parts of the host plant. These considerations should be taken into account at the planning stage of this type of work.
Results of our analysis are the basis for better understanding of the ecological requirements of E. catax that are crucial to the effective management and conservation of the species. We are aware that some important aspects of the biology and ecology of E. catax are yet to be studied, e.g. species' dispersal abilities and habitat preferences at the landscape scale. It may be also interesting to examine the usefulness of E. catax as an umbrella species, based on studies of species co-occurring. However, we believe that certainly this species could be used as 'flagship' for the conservation of semi-natural field margins in agricultural landscapes.
